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ABSTRACT

Background: Methicillin-resistant Staphylococcus aureus is a leading cause
of death in patients undergoing hemodialysis. However, controversy exists
about the optimal dose of vancomycin that will yield the recommended
pre-hemodialysis serum concentration of 15-20 mg/L.

Objective: To develop a data-driven model to optimize the accuracy of
maintenance dosing of vancomycin for patients undergoing hemodialysis.

Methods: A prospective observational cohort study was performed with
164 observations obtained from a convenience sample of 63 patients
undergoing hemodialysis. All vancomycin doses were given on the floor
after completion of a hemodialysis session. Multivariate linear generalized
estimating equation analysis was used to examine independent predictors
of pre-hemodialysis serum vancomycin concentration.

Results: Pre-hemodialysis serum vancomycin concentration was
independently associated with maintenance dose (B = 0.658, p < 0.001),
baseline pre-hemodialysis serum concentration of the drug (B = 0.492,
2 <0.001), and interdialytic interval (B = -2.133, p < 0.001). According
to the best of 4 models that were developed, the maintenance dose of
vancomycin required to achieve a pre-hemodialysis serum concentration
0f 15-20 mg/L, if the baseline serum concentration of the drug was also
15-20 mg/L, was 5.9 mg/kg with interdialytic interval of 48 h and
7.1 mg/kg with interdialytic interval of 72 h. However, if the baseline
pre-hemodialysis serum concentration was 10-14.99 mg/L, the required
dose increased to 9.2 mg/kg with an interdialytic interval of 48 h and
10.0 mg/kg with an interdialytic interval of 72 h.

Conclusions: The maintenance dose of vancomycin varied according
to baseline pre-hemodialysis serum concentration of the drug and
interdialytic interval. The current practice of targeting a pre-hemodialysis
concentration of 15-20 mg/L may be difficult to achieve for the majority
of patients undergoing hemodialysis.
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RESUME

Contexte : Les infections & Staphylococcus aureus résistant 2 la méthicilline
comptent parmi les principales causes de mortalité chez les patients traités
par hémodialyse. Or, les avis sont partagés quant 4 la dose optimale
de vancomycine qui permet d’atteindre la concentration sérique
recommandée de 15-20 mg/L préalablement 4 'hémodialyse.

Objectif : Mettre au point un modele guidé par des données afin
d’optimiser I'exactitude de la dose d’entretien de vancomycine chez les
patients qui subissent une hémodialyse.

Méthodes : Une étude de cohorte prospective observationnelle a été
menée A partir de 164 observations obtenues d’'un échantillon de
commodité de 63 patients traités par hémodialyse. Toutes les doses de
vancomycine ont été données a 'unité de soins courants apres la fin d’une
séance d’hémodialyse. Une analyse de régression linéaire multiple par
équation d’estimation généralisée a été effectuée pour cerner les variables
indépendantes qui permettent de prévoir la concentration sérique de
vancomycine préalablement & 'hémodialyse.

Résultats : La concentration sérique de vancomycine avant hémodialyse
a été associée de fagon indépendante a lintervalle entre deux dialyses
(B=-2,133, p < 0,001), a la dose d’entretien (B = 0,658, p < 0,001) et 2
la concentration sérique initiale du médicament préalablement a
’hémodialyse (B = 0,492, p < 0,001). Selon les quatre meilleurs modeles
élaborés, la dose d’entretien de vancomycine nécessaire pour atteindre une
concentration sérique de 15-20 mg/L avant hémodialyse, si la valeur
initiale était aussi de 15-20 mg/L, était de 5,9 mg/kg pour un intervalle
de 48 h entre deux dialyses et de 7,1 mg/kg pour un intervalle de 72 h
entre deux dialyses. Or, si la concentration sérique initiale préalablement
a ’hémodialyse se situait entre 10 et 14,99 mg/L, la dose nécessaire
augmentait 2 9,2 mg/kg pour un intervalle de 48 h entre deux dialyses et
2 10,0 mg/kg pour un intervalle de 72 h écoulé entre deux dialyses.

Conclusions : La dose d’entretien de vancomycine variait en fonction de
la concentration sérique initiale du médicament préalablement a
I'hémodialyse et en fonction de I'intervalle entre deux dialyses. La pratique
actuelle voulant qu'on vise une concentration préalable a 'hémodialyse
de 15-20 mg/L peut étre difficile & respecter chez la majorité des patients
subissant une hémodialyse.

Mots clés : vancomycine, posologie, hémodialyse

JCPH —Vol. 69, n* 5 — septembre—octobre 2016

341



342

This single copy is for your personal, non-commercial use only.
For permission to reprint multiple copies or to order presentation-ready copies for distribution, contact CJHP at cjhpedit@cshp.ca

INTRODUCTION

Infections are among the leading causes of death among patients
with stage 5 chronic kidney disease (CKD) who are receiving
hemodialysis." Such infections are often caused by gram-positive
bacteria, especially methicillin-resistant Staphylococcus aureus
(MRSA).?? It has been reported that S. aureus infections account
for 39% of all cases of catheter-related bacteremia among patients
undergoing hemodialysis and that MRSA accounts for about 60%
of all S. aureus infections.®”

For more than 5 decades, vancomycin has been the treatment
of choice for MRSA in patients undergoing hemodialysis.*’
However, dosing of this drug in this patient population is still
not well established. One study correlated a pre-hemodialysis
vancomycin concentration of 5-10 mg/L with clinical and
microbiological failure in patients with permanent catheter-
related soft-tissue infections.” Current vancomycin guidelines
recommend that the trough serum concentration should be
maintained between 15 and 20 mg/L for serious infections,’"!
but they do not address dosing strategies or appropriate

administration  of
3,12

pre-hemodialysis  concentration  for

vancomycin to patents undergoing hemodialysis.
Furthermore, the recommended serum concentration of
15-20 mg/L was validated with patients who had normal kidney
function, but the accuracy of this range for patients with stage
5 CKD who were receiving hemodialysis was not clearly
addressed.

Several factors have been shown to affect the removal of
vancomycin during hemodialysis sessions: the use of high-flux
dialysis membranes, blood flow rate, dialysate flow rate, timing
of vancomycin administration, duration of the session, presence

2,3,6,12 For

of residual renal function, and actual body weight.
instance, in various studies, different high-flux dialysis
membranes removed different amounts of the drug (25% to
50%) in each dialysis session.'3'¢ This variability may have been
related to the differing composition of the dialysis membranes
and whether or not vancomycin was infused during the last
30-90 min of dialysis."” Use of these high-flux filters was imple-
mented at St John Hospital and Medical Center, in Detroit,
Michigan, in 2009. The institution’s protocol targets a pre-
hemodialysis serum vancomycin concentration of 15-20 mg/L
for all patients requiring vancomycin therapy.

The primary purpose of this study was to develop a predic-
tion equation to assist clinicians in deciding on the optimal
maintenance dose of vancomycin needed for hemodialysis
patients to achieve the target pre-hemodialysis serum concentra-
tion of the drug. The secondary purposes of the study were to
develop a data-driven vancomycin dosing nomogram and to
explore the clinical feasibility of achieving a pre-hemodialysis
serum vancomycin concentration of 15-20 mg/L in these patients.

CJHP —Vol. 69, No. 5 — September—October 2016

METHODS
Study Design
Upon approval of the study protocol by the St John Hospital

and Medical Centre Institutional Review Board, a prospective
observational cohort study was conducted at this 772-bed
teaching hospital in east Detroit, Michigan, with a convenience
sample of 63 established hemodialysis patients, between January
and June 2010. This sample exceeded the minimum sample of
55 patients needed to detect a modest effect size of 0.15, assuming
a of 0.05 and 80% power for a linear regression model of
5 independent predictors (the model developed during the course
of the study had 3 independent predictors). Patients were
included in the study if they were 18 years of age or older, had
stage 5 CKD with established hemodialysis (3 sessions per week),
had suspected or confirmed MRSA infection, received at least
2 doses of vancomycin during the hospital admission (one
loading dose and at least the first maintenance dose), and
had serum vancomycin concentration measured after the first
maintenance dose and before subsequent hemodialysis sessions.
For the hemodialysis, high-flux filters (Optiflux F-160,
Fresenius), with a surface area of 1.6 m?, were used.

Eligible patients with suspected or confirmed MRSA
infection who received maintenance doses of vancomycin were
enrolled in the study. All of the doses were given on hospital
floors within a maximum of 6 h after completion of hemodialysis
(i.e., doses were not given during the last 30-90 min of
hemodialysis). The institutional protocol recommends the
administration of vancomycin 500 mg IV after each hemodialysis
session; however, pharmacists were left to use their clinical
judgment for selection of the maintenance dose, as per the

institution’s medial directive.

Definition of Variables and Data Sources

Patient body weight was obtained from electronic medical
records. Interdialytic interval was the approximate time between
2 consecutive hemodialysis sessions. Baseline pre-hemodialysis
serum vancomycin concentration was the concentration of
drug that resulted from the loading dose or maintenance dose
measured within a maximum of 6 h before commencement
of the first hemodialysis session during the particular admission
(either during morning laboratory testing or just before the
hemodialysis session). Established hemodialysis patients were
those with stage 5 CKD who were receiving hemodialysis. The
vancomycin dose was measured in milligrams per kilogram, and
no individual dose exceeded 2000 mg. Patients with suspected
MRSA infection were those with an infection such as cellulitis,
abscess, or osteomyelitis that was treated with vancomycin in the

absence of any confirmatory culture results.
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Data Analysis

Data were analyzed using SPSS statistical software, version
22.0 (IBM, Armonk, New York). Before analysis, the data were
explored for accuracy and possible violations of statistical assump-
tons, including multicollinearity, multivariate outliers, and multi-
variate normality. Descriptive statistics, such as general frequencies,
means, and standard deviations, were calculated to describe the
demographic and prognostic characteristics of the study sample.
Given the clustered nature of the data (i.e., individual patients
having multiple observations), multivariate linear generalized
estimating equation (GEE) analysis was conducted to examine
independent predictors of the actual pre-hemodialysis serum
vancomycin concentration. Although it might be intuitive to use
vancomycin dose as the outcome variable in the GEE analysis,
pre-hemodialysis serum concentration was used instead, because
this measure is a function of the dose that the patient receives.

Specifically, the analysis was performed on 164 observations
obtained from the 63 patients. Insignificant variables were
removed from the final GEE model before the analysis was
repeated to yield a parsimonious model that was explained only
by the significant variables. To evaluate the optimal cut-off point
for pre-hemodialysis serum vancomycin concentration, the
predicted values (generated by the GEE analysis) and the actual
measured baseline values were categorized according to various

cut-off points. This allowed cross-tabulation and calculation of
the classification indices (i.e., sensitivity, specificity, and negative
and positive predictive values) of the resulting models, which in
turn allowed assessment of the most clinically relevant cut-off
point based on the study data. Statistical significance was estab-
lished using a 2-tailed o of 0.05.

RESULTS

Sample and dialysis characteristics are presented in Table 1.
The results of the GEE analysis (Table 2) suggest that pre-
hemodialysis serum vancomycin concentration was independ-
ently associated with maintenance dose (B = 0.658, p < 0.001),
baseline pre-hemodialysis serum concentration (B = 0.492,
2 < 0.001), and interdialytic interval (B = —2.133, p < 0.001).
These results were associated with a regression constant of 6.329,
which yielded the following prediction equation (where
HD = hemodialysis):

Pre-HD serum vancomycin = 6.329 + (0.658) * (vancomycin dose [mg/kg])
+(0.492) * (baseline serum vancomycin [mg/L])
+(=2.133) * (interdialytic interval),

where interdialytic interval of 48 h had a value of 0 and inter-
dialytic interval of 72 h had a value of 1.

Table 3 displays the targeted vancomycin dose based on
knowledge of the baseline pre-hemodialysis serum vancomycin
concentration, the target pre-hemodialysis serum vancomycin

Table 1. Patient and Dialysis Characteristics

Characteristic No. (%) of Participants*
(n=63)
Age (years) (mean + SD) 609+ 15.2
Sex, male 33 (52)
Ethnic background
White 16 (25)
African American 47 (75)
Comorbid conditions
Hypertension 57 (90)
Diabetes mellitus 38 (60)
Heart disease 51 (81)
Respiratory disease 19 (30)
Body weight (kg) (mean + SD, range) 83.4 +25.2 (37-180)
Body mass index (kg/m?) (mean + SD) 28.6+95
Hemodialysis variables (mean + SD, range)
Blood flow rate (mL/min) 358.7 +43.8
Duration of hemodialysis (h) 3.4 +0.37
Interdialytic interval (h) 52.6 + 13.7 (24-96)
Dialysate flow rate (mL/min) 792 +37.3
Vancomycin variables (mean + SD, range)
Dose by weight (mg/kg) 9.14+4 (3.03-22.06)

Total dose (mg)
Pre-hemodialysis concentration (mg/L)

747 £ 317 (500-2000)
21.56 +4.94 (8.2-36.1)

Infection type
Bacteremia related to graft/catheter
Skin and soft tissue
Pneumonia
Other
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*Except where indicated otherwise.

CJHP —Vol. 69, No. 5 — September—October 2016

JCPH —Vol. 69, n* 5 — septembre—octobre 2016

343



344

This single copy is for your personal, non-commercial use only.
For permission to reprint multiple copies or to order presentation-ready copies for distribution, contact CJHP at cjhpedit@cshp.ca

Table 2. Generalized Estimating Equation Model Identifying Predictors of Serum Vancomycin

Concentration before Hemodialysis*

Variable B SE Wald Z p Valuet
Interdialytic interval 72 h (reference: 48 h) -2.133 0.5806 13.499 < 0.001
Maintenance dose (mg/kg) 0.658 0.0822 64.170 < 0.001
Baseline pre-hemodialysis concentration (mg/L) 0.492 0.0737 44.649 < 0.001

B = unstandardized regression coefficient, SE = standard error, Wald Z = test statistic for the linear generalized

estimating equation analysis.

*Pre-hemodialysis serum vancomycin concentration = 6.329 + (0.658) * (vancomycin dose [mg/kg]) + (0.492) *
(baseline serum vancomycin concentration [mg/L]) + (-2.133) * (interdialytic interval [where 48 h = 0; 72 h = 1]).

tBased on a 2-tailed o of 0.05.

concentration, and the interdialytic interval. According to this
model, if the targeted serum concentration is 15-20 mg/L and
the baseline pre-hemodialysis serum vancomycin concentration
is also 15-20 mg/L, the mean required dose (and standard
deviation) is 5.9 + 0.82 mg/kg for an interdialytic interval of
48 hand 7.1 + 1.99 mg/kg for an interdialytic interval of 72 h.
However, if the baseline serum concentration is between 10 and
14.99 mg/kg, the required dose increases to 9.2 mg/kg for an
interdialytic interval of 48 h and 10.0 mg/kg for an interdialytic
interval of 72 h.

Table 4 shows 4 classification models based on different
cut-off points for the actual and predicted pre-hemodialysis
serum vancomycin concentrations, reflecting the sensitivity and
specificity of each model with regard to the dose associated with
those concentrations. Model 4 had the best characteristics overall:
sensitivity of 96%, positive predictive value of 75%, and negative
predictive value of 75%. It can also be inferred from Model 4
that the vancomycin dose for the 65.9% of patients (108/164)
whose predicted serum concentrations matched their actual
serum concentrations within the range of 15-25 mg/L was

8.88 mg/kg. However, according to Model 2, only 12.8% of
patients (21/164) were correctly classified when the target pre-
hemodialysis serum vancomycin concentration was narrowed
to 15-20 mg/L.

DISCUSSION

Optimal vancomycin dosing in patients who are undergoing
hemodialysis has been controversial. Clinicians commonly select
the dose of vancomycin on the basis of actual body weight
(mg/kg) in accordance with data generated from patients with
normal kidney function.?® Furthermore, the goal for trough
serum vancomycin concentration of 15-20 mg/L that is recom-
mended by current guidelines’!! was validated with data from
patients with normal kidney function. This situation creates
uncertainty about the applicability of current practices pertaining
to maintenance dosing of vancomycin and the associated pre-
hemodialysis serum vancomycin concentrations in patients with
stage 5 CKD. The current study used data from patients with
stage 5 CKD who were receiving hemodialysis to provide

Table 3. Classification of Vancomycin Dose and Pre-HD Serum Concentration for Different

Interdialytic Intervals

Interdialytic Interval;
Vancomycin Dose (mg/kg)

Baseline Pre-HD Serum Target Pre-HD Serum 48 h 72h
Conc’n of Vancomycin Conc'n of Vancomycin
(mg/L) for Next Dialysis (mg/L) Mean = SD n Mean + SD n
<10 15-20 NA 0 15.2 +2.68 3
20.01-25 17.9 + 3.08 4 NA 0
10-14.99 10-14.99 NA 0 53+0 1
15-20 9.2 +1.46 5 10.0 £ 2.91 2
20.01-25 14.7 £1.94 11 16.5+3.20 3
15-20 <15 NA 0 NA 0
15-20 5.9+0.82 1M1 7.1+£1.99 13
20.01-25 11.0+2.19 25 14.5+2.82 6
20.1-25 <15 NA 0 NA 0
15-20 4.0 +£0.81 3 49 + 0.65 6
20.01-25 6.2+ 1.64 25 10.0+£295 10
15-25* <15 NA 0 NA 0
15-25 20.7+2.60 39 19.9+2.80 25
25.01-35 <20 NA 0 NA 0
20.01-25 6.5+ 1.01 12 6.3+ 1.60 6

Conc'n = concentration, HD = hemodialysis, NA = not applicable, SD = standard deviation.
*This range was created by merging the ranges of 15-20 and 20.1-25 into a single category to allow all clinically

plausible scenarios to be presented.
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Table 4. Classification Indices Highlighting Sensitivity, Specificity, PPV, and NPV According to Different Ranges
of Predicted and Measured Serum Concentration of Vancomycin

Measured Value of

Serum Vancomycin*
Pre-HD Concentration  Predicted Value of Yes No Sensitivity  Specificity PPV NPV
Cut-off Range (mg/L)  Serum Vancomycin* n  Dose(mg/kg) n  Dose (mg/kg)
Model 1: 10-25 0.97 0.35 0.82 0.77
Yes 119 8.82 27 10.38
No 5 11.36 13 8.66
Model 2: 15-20 0.52 0.81 0.53 0.80
Yes 21 7.47 22 6.96
No 27 9.01 94 10.06
Model 3: 10-20 0.53 0.83 0.63 0.76
Yes 27 7.37 17 6.84
No 32 9.14 88 10.13
Model 4: 15-25 0.96 0.29 0.75 0.75
Yes 108 8.88 37 9.89
No 5 11.36 14 8.42

HD = hemodialysis, NPV = negative predicted value, PPV = positive predicted value.
*“Yes" indicates that the patient achieved the pre-HD concentration cut-off point for the model; “No” indicates that the patient did

not achieve the pre-HD concentration cut-off point for the model.

additional evidence concerning the optimal vancomycin dose
and the corresponding pre-hemodialysis serum vancomycin
concentration in this patient population.

The analysis showed that pre-hemodialysis serum
vancomycin concentration was a function of baseline pre-
hemodialysis serum vancomycin concentration, the maintenance
dose of vancomycin, and interdialytic interval. This information
was used to generate a prediction equation (Table 2), which was
then used to calculate the targeted vancomycin dose, given
particular values for baseline pre-hemodialysis serum vancomycin
concentration, targeted pre-hemodialysis serum vancomycin
concentration, and interdialytic interval. In addition, a data-
driven cross-tabulation (Table 3) was generated to outline the
various vancomycin doses that would be associated with specific
values for baseline and target pre-hemodialysis serum
vancomycin concentrations and interdialytic interval of 48 h
versus 72 h. According to this table, vancomycin dose should not
be based exclusively on the targeted pre-hemodialysis serum
concentration. Rather, clinicians must also factor in the baseline
pre-hemodialysis serum vancomycin concentration and the inter-
dialytic interval for a more precise estimate of the required dose.

These findings suggest that targeting a narrow pre-
hemodialysis concentration of 15-20 mg/L is very restrictive,
with an average required dose of 7 mg/kg or less when the
pre-hemodialysis baseline value is around 15-20 mg/L and the
interdialytic interval is 72 h, a range that is not feasible for the
majority of patients. Specifically, only 29.3% (n = 48) of the
observations in the current study had a measured pre-hemodialysis
concentration of 15-20 mg/L. This finding is consistent with
the arguments of Vandecasteele and De Vriese! and Jeremiah and
others,'® who explained that achieving such a narrow range in
patients undergoing hemodialysis is not practical. In fact, a
post hoc analysis in the current study showed that only 36.0%
(7 =59) of the observations fit within the range of 10-20 mg/L,
which further indicates that such a range of serum concentrations
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is not feasible in this patient population. Cut-off ranges of
10-25 mg/L and 15-25 mg/L were observed in 75.6% (n = 124)
and 68.9% (n = 113) observations, respectively.

The goal was to report the range of cut-off points associated
with the greatest sensitivity (i.e., the proportion of observations
correctly classified as having a cut-off point within the specified
range) and the highest positive predictive value (i.e., the likeli-
hood that a given observation falls within the range of cut-off
points into which the model has deemed the observation to fall).
The study classification indices (Table 4) showed that the ranges
of cut-off points of 15-20 mg/L and 10-20 mg/L were associated
with low sensitivity (52% and 53%, respectively), which indicates
that these 2 models have no better than a 50-50 chance of
correctly classifying patients. Although Model 1 had the highest
sensitivity (97%) and the best predictive values, the range of
cut-off points associated with this model was very wide
(10-25 mg/L), which limits its clinical application. Model 4
presented the most clinically relevant range of cut-off points,
15-25 mg/L, which was associated with an impressive sensitivity
value of 96%. Furthermore, this model had reasonable positive
and negative predictive values (both 75%), suggesting that it has
75% accuracy in correctly predicting the pre-hemodialysis serum
vancomycin concentration in any given patient. Interestingly, the
post hoc analysis indicated that the mean pre-hemodialysis
concentration of the observations falling within this range of cut-
off points was 20.5 mg/L (standard deviation 2.7; median 20.8).

The literature shows that variation in vancomycin dosing is
associated with variability in pre-hemodialysis concentration and
also that there is no consistency in reported pre-hemodialysis
concentrations. For example, Pai and Pai" and Ariano and
others? used a fixed maintenance dose of 500 mg during the last
30-60 minutes of each hemodialysis session and achieved a
pre-hemodialysis concentration of 5-20 mg/L in 93% and 96%
of patients, respectively. However, current guidelines target a
much narrower range of 15-20 mg/L. Barth and DeVincenzo'
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achieved a pre-hemodialysis serum vancomycin concentration
of 10-25 mg/L in 82% of their observations, based on a main-
tenance dose of 500 mg following completion of the hemodialysis
session. Foote and others?! administered 1.0 g of vancomycin
as a loading dose in 5 healthy hemodialysis patients and recom-
mended a loading dose of 25 mg/kg in the final 1-2 h of dialysis,
administered at a rate of 1 g/h. However, these investigators
tested only a single dose of vancomycin. Similarly, Pollard and
others? recommended a loading dose of 20 mg/kg after dialysis,
followed by a maintenance dose of 15 mg/kg every 7 days.

Furthermore, Crawford and others,?

who prospectively
administered a single dose of vancomycin (35 mg/kg) at the end
of dialysis, at a rate of 1 g/h, to 11 patients, reported that a
once-weekly dose of vancomycin (35 mg/kg) did not achieve a
vancomycin concentration of at least 10 mg/L before the third
scheduled hemodialysis session. Zvonar and others® retrospec-
tively evaluated 163 courses of vancomycin therapy in 105
patients at their institution and found that the most common
dose was 500 mg after or during the hemodialysis session. Panais
and others” administered a maximum loading dose of 1500 mg
vancomycin in 38 courses, followed by 500 mg after each dialysis
session and concluded that their protocol was successful in
achieving a therapeutic trough concentration of the drug. The
applicability of this dosing strategy is limited, because these
authors used both high- and low-flux filters in their study. Taylor
and Allon?® administered a maintenance dose of 1000 mg in the
last hour of hemodialysis and reported that 56% of patients had
pre-hemodialysis concentration between 10 and 20 mg/L and
only 23% had a pre-hemodialysis concentration between 20 and
25 mg/L. Unlike the current study, all of the aforementioned
studies either reported a wide range of pre-hemodialysis serum
vancomycin concentrations or had a relatively small proportion
of patients achieving the recommended range of 15-20 mg/L.
In the current study, a clinically meaningful pre-hemodialysis
concentration of 15-25 mg/L was achieved for 68.9% of
observations, which was also associated with the impressive
sensitivity value of 96%.

The current study and that of Vandecasteele and others®
identified similar variables (pre-hemodialysis vancomycin
concentration, interdialytic interval, and body weight). Interestingly
however, although both studies implemented a clustered
approach to data analysis, the results of Vandecasteele and
others® were validated using a 3-phase approach that included
testing the model on a new sample of patients. Their model was
validated using sensitivity and predictive values based on
predicted pre-hemodialysis cut-off values. In contrast, Zelenitsky
and others”” developed a new vancomycin dosing protocol to
achieve a pre-hemodialysis concentration of 10-20 mg/L, with
an optimal goal of 15-20 mg/L. Similar to the current study,
patients in the study by Zelenitsky and others” received a main-
tenance dose that ranged between 500 and 1000 mg. However,
the pre-hemodialysis concentration was 10-20 mg/L for 65.5%
of patients, 10-22 mg/L for 89.7%, and 15-20 mg/L for only
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37.9%. These findings further support the argument that a pre-
hemodialysis concentration of 15-20 mg/L is restrictive and
therefore may not be clinically feasible for a majority of patients
undergoing hemodialysis. However, the models of both
Vandecasteele and others® and Zelenitsky and others” were based
on administration of vancomycin during the last 60 min of
hemodialysis, whereas the model in the current study was based
on administration of vancomycin after completion of the
hemodialysis session. Moreover, Mason and others®® found that
administering vancomycin 30 mg/kg in the last 1-2 h of
hemodialysis achieved a similar pre-hemodialysis concentration
as administering a vancomycin dose of 15 mg/kg after completion
of the hemodialysis session. Similarly, Lucksiri and others'
detected that 24% of vancomycin was removed if the dose was
administered during the last hour of dialysis, whereas none of
the dose was lost if it was administered after completion of the
session. Unlike most of the existing studies, maintenance doses

of vancomycin in the current study and a few others!®#3

were
always administered after completion of hemodialysis. These
differences are worthy of mention because they affect the net dose
of vancomycin received. Thus, it is important that clinicians
follow a uniform protocol for vancomycin dosing, including the
timing of administration.

The limitations of this study include collection of data from
patients with stage 5 CKD who were undergoing hemodialysis,
without consideration of whether the patients might have had
residual renal function. The interdialytic interval was not exactly
48 versus 72 h because samples for pre-hemodialysis measure-
ments were drawn within 6 h before the procedure, whereas
vancomycin doses were administered within 6 h after completion
of hemodialysis. In addition, the cross-tabulation results (Table
3) for determining the required dose (based on knowledge
of baseline pre-hemodialysis serum vancomycin concentration,
target pre-hemodialysis serum vancomycin concentration, and
interdialytic interval) did not include all possible dose scenarios.
It is recommended that these findings be interpreted with caution
and that they be replicated and validated before any implemen-
tation in practice settings. Finally, data for patient weight
was calculated from the average of wet and dry weights as
documented in the electronic medical records. In addition, mean
patient weight had a relatively large standard deviation, which
resulted in a wide range and large standard deviation for the
weight-based dose (mg/kg); this might have compromised the
predictive ability of the regression equation. Therefore, it is
recommended that these findings be validated with samples that
are more homogeneous with regard to body weight.

CONCLUSION

The findings of the current study and those of several other
authors indicate that targeting a pre-hemodialysis concentration
of 15-20 mg/L may be highly restrictive; this target is unlikely
to be achieved in the majority of patients, and the associated
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outcomes have not yet been established in clinical studies. The
current findings support a more liberal, yet clinically meaningful,
range of 15-25 mg/L, which yielded considerable sensitivity
(96%) and a positive predictive value of 75%. However, the
current findings were based on an observational cohort study and
are therefore subject to potential bias. Furthermore, they have
not yet been validated or replicated with another sample. In
addition, the effect that a range of 15-25 mg/L could have on
the residual renal function of this particular patient population
is unclear. It is therefore recommended that these findings
be replicated and their effect on the residual function of
patients with stage 5 CKD be investigated before any practice

generalizations.
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